Addition of methanol to a stringent strain of Escherichia coli, starving of methionine, stimulates unbalanced ribonucleic acid (RNA) synthesis. The newly formed RNA and ribonucleoprotein species sediment between 4S and 30S. As a result of methanol treatment, cells become permeable to actinomycin D. Damage to cellular membrane appears to influence the control for RNA synthesis.
Addition of methanol to a stringent strain of Escherichia coli, starving of methionine, stimulates unbalanced ribonucleic acid (RNA) synthesis. The newly formed RNA and ribonucleoprotein species sediment between 4S and 30S. As a result of methanol treatment, cells become permeable to actinomycin D. Damage to cellular membrane appears to influence the control for RNA synthesis.
Stringent strains of microorganisms stop net ribonucleic acid (RNA) synthesis when deprived of their essential amino acids (18) . The means by which the synchrony between RNA and protein biosynthesis is achieved has been the subject of research since the discovery of the relaxed mutant (2) . This strain is genotypically capable of net RNA synthesis in the absence of net protein production. It was demonstrated that a single point mutation of the RC gene caused this aberrant behavior (24) .
The many details available on RNA and protein biosynthesis (25, 26) do not appreciably help us in our understanding of the nature of the correlation between the two.
A working hypothesis of the amino acid control of RNA synthesis stresses the availability of ribosomal proteins as the controlling factor of RNA synthesis (7, 17) . Another theory is based on the amino acid control of the biosynthesis of RNA precursors (4, 11, 13) . Some of the assumptions of this approach have been challenged (9) .
A considerable amount of data has been introduced also in favor of guanosine tetraphosphate as an important factor in the "stringent response" (3, 5, 6) . This notion, too, has not been left unchallenged (14, 30) .
Yet another theory centers around the inhibition of active transport by amino acid starvation as the chief cause of the stringent response (22, 23 22, 23) . Some of these differences exist even during logarithmic growth (12) . The pleiotropic nature of the mutation of the RC locus suggests the possibility that the RC gene product affects RNA synthesis only indirectly.
A number of seemingly unrelated ways have been found which induce unbalanced RNA synthesis in stringent strains: by various inhibitors of protein synthesis (1, 10) , by spermidine (20, 21) , recovery from magnesium starvation (17) , and by potassium deprivation of certain strains of E. coli (29) .
This report introduces yet another class of agents capable of causing unbalanced RNA synthesis phenotypically in certain stringent strains of E. coli. These chemicals are fairly inert, and their suspected target area is the cellular membrane. We advance the suggestion that the structural integrity of the deoxyribonucleic acid (DNA)-membrane complex is an important controlling element of RNA synthesis.
J. BACTERIOL. Colorimetric determinations. Three-milliliter samples of cultures were collected into 0.3 ml of icecold 50% trichloroacetic acid. After a minimum of 30 min, these were centrifuged and washed once with cold 5% trichloroacetic acid. The pellets were treated with 5% trichloroacetic acid for 15 min at 90 C. The cells were again centrifuged, and a sample of the supematant fluid was assayed by the orcinol method (16) .
Determination of radioactive label uptake. One-milliliter samples were withdrawn into ice-cold 0.1 ml of 50% trichloroacetic acid and stored for a minimum of 30 min. The cells were collected on a glass-fiber filter paper (2.4 cm diameter), washed with 30 ml of 5% trichloroacetic acid, and dried. The filter papers were placed in vials with toluene-based scintillation liquid, and the radioactivity was determined on a model 2111 We have worked with methanol most extensively. However, it is most likely that qualitatively similar results can be obtained by the other compounds listed also. This list of solvents is by no means exclusive; undoubtedly there are others that also have this property of stimulating RNA synthesis. Figure 1 shows the effect of varying concentrations of methanol. RNA synthesis is most rapid, after a lag period, between 20 and 40 min of methanol treatment. Very little additional synthesis of RNA occurs after 1 hr of methanol treatment under these conditions. Four per cent methanol concentration creates the largest burst of RNA synthesis. This amount of methanol kills approximately 80% of the bacterial population in 1 hr (Fig. 2 ). Comparing Fig. 1 and 2 , it is noted that the most rapid rate of death precedes the fastest period of RNA synthesis. A trivial explanation of the stimulatory effect of methanol of RNA synthesis would be possible, could it be shown that methionine is liberated into the medium bv the killed microorganisms. Under such a condition, however, stimulation of protein synthesis would also be expected. This is not the case, as shown in Fig. 3 . There appears to be preferential RNA synthesis in the presence of 4% methanol. Even logarithmically growing cultures exhibit this phenomenon upon addition of methanol (Fig.  4) . Fig. 3 , except the methionine starvation is omitted.
Some of the radioactive uracil incorporated during methionine starvation enters into DNA, but there is no preferential labeling of DNA during methanol treatment (unpublished observations).
Is the increased RNA synthesis a reflection of increased breakdown and resynthesis of preexisting RNA? Organisms prelabeled with leucine or uracil were treated with 4% methanol, and the amounts of the label released into the culture medium and into the cold trichloroacetic acid-soluble pool were assessed. In 1 hr, about 10% of the label from both protein and RNA was released into the medium and another 10% was released into the soluble pool. ug/ml), were removed at times indicated by the arrow and treated with methanol, 4% (v/v) final concentration. (Fig. 7) . If methionine is restored to the culture and methanol is removed, the accumulated ribonucleoprotein particles are incorporated into 30S and 50S particles in 90 min without appreciable loss of their specific activity even in the presence of large excess of "cold" uracil (Fig. 8) . It should be noted that the radioactivity of the smaller ribosomal subunit occurs in the 28 or 29S region instead of 30S. This observation can be explained by assuming that some of the cells were killed by methanol following RNA accumulation. The emphasis, however, is on the very large extent to which recovery is accomplished.
Methanol treatment alters the permeability of E. coli to such an extent that actinomycin D can exert an inhibitory effect on unbalanced RNA synthesis. Although the inhibition is not complete, it is significant (Fig. 9) . DISCUSSION Methanol and the other substances listed above are chemically rather inert compounds.
One common property of these reagents is their solubility in both aqueous and nonpolar substances. Tests conducted with nonpolar solvents such as chloroform and toluene gave negative results in our hands, with indications that the organisms were killed by these reagents rather rapidly. Toluene-treated nonviable cells were recently shown to be capable of RNA synthesis (19) . However, in toluenefraction treated cells, RNA production appears to depend on the presence of ribonucleoside triphosphates for optimal results. Moreover, these cells are incapable of protein synthesis, whereas methanol-treated cells are capable of protein synthesis during recovery from methionine starvation (Fig. 8) . These differences indicate that our fmiding, reported above, is not identical to the one reported by Peterson et al (19) . Methanol-treated cells, in all probability, sustain a milder damage than the toluenetreated ones. What is significant in both instances is that RNA synthesis can continue in the absence of protein synthesis.
We suspect that our solvents, as well as toluene, damage the cellular membrane system. Another way to injure the cell membrane is by plasmolysis. We have plasmolyzed E. coli W122-23 cells for 20 to 30 min by 20% sucrose and then resuspended them in methionineless growth medium. Under these conditions, stimulation of unbalanced RNA synthesis was observed also, as monitored by simultaneous incorporation of 3H-uracil and "4C-leucine (unpublished observations).
Tremblay et al. have demonstrated that the cellular membrane, DNA, and the RNA-synthesizing machinery form an integral complex (27) . On the basis of our observations, we view the unbalanced synthesis of RNA in the presence of methanol as a manifestation of structural aberration of the cytoplasmic membrane. It is possible that some of the treatments (referred to above) that induce unbalanced RNA synthesis phenotypically also damage the cellular membrane.
However 
